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A B S T R A C T   

Purpose: A novel 18F-radiolabeled somatostatin analogue, [Al18F]NODA-MPAA-HTA, was synthesized and eval
uated for positron emission tomography (PET) imaging of Neuroendocrine tumors (NETs). [Al18F]NODA-MPAA- 
HTA was designed and synthesized by conjugating 18F nuclide with a modified KE108 peptide, a somatostatin 
analog with high affinity for all five subtypes of somatostatin receptors (SSTR 1–5), through coupling a 
bifunctional chelator (NODA) to target somatostatin receptor (SSTR) positive tumors. 
Methods: The amino group of KE108 peptide, a SSTRs-targeting pharmacophore, was conjugated with the 
carboxyl group of NODA by a condensation reaction to obtain the labeling precursor of [Al18F]NODA-MPAA- 
HTA, in which its precursor was obtained through Fmoc solid-phase methods. A novel methodology for Al18F 
labeling of chelating agent-biomolecule conjugates was used to synthesize [Al18F]NODA-MPAA-HTA. In vitro 
stabilities of [Al18F]NODA-MPAA-HTA were evaluated by incubating it in saline or bovine serum for 2 h. Ex vivo 
biodistribution and in vivo imaging of [Al18F]NODA-MPAA-HTA were further investigated to evaluate its SSTRs 
targeting ability and feasibility for the diagnosis of NETs using PET imaging. 
Results: [Al18F]NODA-MPAA-HTA was synthesized using a one-step 18F-AlF labeling procedure resulting in 
moderate radiochemical yield (60–80 %, non-decay corrected) and high radiochemical purity (>95 %). It 
exhibited good hydrophilicity and excellent stability in vitro, with a molar activity of 122 GBq/μmol. At 30 min 
and 60 min, the uptake of [Al18F] NODA-MPAA-HTA by HEK293-SSTR2 cells was 5.47 ± 0.97 %/105 cells and 
12.11 ± 0.32 %/105 cells, respectively. The affinity of [Al18F]NODA-MPAA-HTA for SSTR2 was determined to 
be 8.77 ± 1.14 nM. In micro-PET imaging of HEK293-SSTR2 tumor-bearing mice, [Al18F]NODA-MPAA-HTA 
showed high tumor uptake of radioactivity and a high tumor-to-muscle ratio. Biodistribution results confirmed 
that radioactivity uptake in the tumor was significantly higher than that in the muscle by more than five-fold 
(P<0.001). Furthermore, the relatively low bone uptake of [Al18F]NODA-MPAA-HTA suggested that defluori
nation did not occur in vivo. These preliminary results provide experimental evidence for further study of Al18F- 
labeled somatostatin analogues as tumor probes for PET imaging of NETs. 
Conclusion: Fluorine-18 is widely used as a radionuclide for the production of radiopharmaceuticals for positron 
emission tomography (PET). Due to its short half-life (T1/2,109.8 min), its ease of production will facilitate the 
widespread dissemination of this radiopharmaceutical. A high-quality [Al18F]NODA-MPAA-HTA was synthesized 
with satisfactory yield. This radiopharmaceutical demonstrated higher tumor uptake and better tumor-to-muscle 
contrast, resulting to excellent image quality. These findings suggest that the novel 18F-labeled somatostatin 
analogue, [Al18F]NODA-MPAA-HTA, is a promising tool for PET imaging of NETs.   
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1. Introduction 

Neuroendocrine tumors (NETs) are a heterogeneous malignant dis
ease that can originate from different neuroendocrine organs and can 
develop anywhere in the body, especially due to its rare and a wide 
range of clinical behaviors (Turaga and Kvols, 2011; Yao et al., 2008). 
Over the years, traditional medical imaging techniques (CT, MR, ultra
sound) have played an important role in achieving early diagnosis and 
precise treatment of malignant tumors through anatomical imaging in 
medical imaging for diagnosis, surgical guidance, follow-up, and treat
ment monitoring. However, the rapid development of molecular imag
ing (PET and SPECT) has higher sensitivity and specificity, and the rapid 
development in combination with CT or MRI has been used in the 
diagnosis, staging and treatment of various malignant tumors. Due to 
the diversity and non-specificity of early NETs symptoms, diagnosing 
the disease can be challenging for doctors, causing patients with NETs to 
suffer delays in diagnosis for many years (Dasari et al., 2017). In the 
process of metastatic disease progression, the combination of slow 
progression and hormone secretion may produce weakened symptoms 
and may have more serious effects, leading to deterioration of quality of 
life and consumption of medical resources. Over the past few decades, 
the incidence of neuroendocrine tumors has witnessed a substantial 
increase (Kourie, 2016; Toshihiko et al., 2020; Hallet et al., 2015). The 
hypothesis of sensitivity of detection instruments or changes in tumor 
biology has been used to explain this observation, but currently there is 
no data to support these two hypotheses. The reasons underlying of the 
increase in the incidence rate of NETs have not been identified, although 
it has been reported globally (Hallet et al., 2015). Research has 
demonstrated the critical role of somatostatin receptors (SSTR), which 
encompass five subtypes in targeting NETs (Kaemmerer et al., 2011; 
Modlin et al., 2010), with SSTR2 being the most predominant one 
(Reubi and Maecke, 2008). Therefore, radiolabeled SSTR analogues can 
effectively target and visualize NETs in vivo. These analogues can be 
utilized in both SPECT/CT and PET/CT imaging, allowing for accurate 
diagnosis and staging of NETs. 

So far, several radiolabeled SSTR-targeted probes have been reported 
and evaluated for imaging and therapy of SSTR2-overexpressing 
neuroendocrine tumors. These include 68Ga-DOTA-conjugated pep
tides (68Ga-dotatate (Kaemmerer et al., 2011; Modlin et al., 2010), 
68Ga-dotatoc (Hofmann et al., 2001; Loft et al., 2017), 68Ga-dotanoc 
(Kaemmerer et al., 2011; Campana et al., 2010)), 177Lu-dotatate 
(Strosberg et al., 2017; Kobayashi et al., 2021; Capello et al., 2003), 
64Cu-dotatate (Loft et al., 2017) and some octreotide derivatives (Cai 
et al., 2014; Lewis et al., 1999), as well as other radioactive SSTR de
rivatives (Modlin et al., 2010; Kunikowska et al., 2011; Eisenwiener 
et al., 2002) and imaging agents (Kjaer and Knigge, 2015) 
Somatostatin-derived tracers have undergone nearly 35 years of suc
cessful development and extensive clinical applications. Among the 
radiolabeled SSTR-targeted probes, 68Ga-dotatate and 177Lu-dotatate 
have gained significant attention, particularly for their application in 
molecular imaging and targeted radionuclide therapy in nuclear 
oncology. Although 68Ga and 64Cu labeled somatostatin analog radio
tracers has demonstrated promising clinical utility, the widespread 
adoption is impeded by the substantial cost and limited supply of these 
radionuclides. 

In contrast to 68Ga, 18F is one of the favored radionuclides because of 
its longer half-life and higher production yield, which facilitates 
centralized and distributed manufacturing. This allows for the accom
modation of a larger population of patients, making 18F-labeled radio
tracers more accessible for diagnostic purposes in the management of 
neuroendocrine tumors (Chen et al., 2016). Additionally, 18F has 
excellent imaging characteristics including a high positron emission 
yield (97 % β+), energy (0.64 MeV), and a relatively short half-life 
(109.8 min), the shorter positron range of 18F enables 
higher-resolution PET imaging and quantification of biochemical pro
cesses in vivo. Considering these advantages, several promising 

18F-based tracers targeting the somatostatin receptor have emerged 
(Leupe et al., 2023). These radioactive probes can be used for diagnosing 
and staging diseases, as well as to predict and/or monitor response to 
therapy. For example, [18F]AlF-NOTA-octreotide had been applied in 
clinical studies and been provided with good imaging ability, especially 
for liver tumor imaging. In addition, [18F]AlF-NOTA-JR11 also showed 
lower physiological uptake in the digestive system compared to 
68Ga-dotatate. As reported, 68Ga-dotatate and 177Lu-dotatate mainly 
target NETs of the subtypes 2 and 5. As a somatostatin analogue with 
high affinity for all five SSTR subtypes, KE108 exhibits a similar 
chemical structure to octreotide but possesses a broader spectrum for 
SSTR-positive tumors. The radiolabeling technology known as “18F-AlF” 
has the advantages of one-step reaction and radioactive labeling in 
water, rendering it a convenient and efficient method for radiolabeling. 
The novel methodology for 18F labeling of chelating agent-biomolecule 
conjugates was based on unusually strong and stable fluoro bond be
tween Al3+ and fluoride which bond dissociation energy was 675 
kJ/mol (Kumar, 2018; Martell, 1996; André et al., 2002). This tech
nology has been successfully applied in previous research (Kumar, 2018; 
Malik et al., 2015) due to the tendency of carboxylate to form thermo
dynamically stable (Edit et al., 2015) and kinetically inert metal che
lates. Chelated pan-somatostatin ligands (NOTA, DOTA, etc.) play an 
important role in the development of potential targets for a wider range 
of tumors (Wild et al., 2003; Ginj et al., 2008). The application of 
18F-peptide labeling method coupled with bifunctional chelating agents 
has greatly advanced the development of 18F labeled peptide positron 
drugs (Kumar, 2018; Mcbride et al., 2010). Compared with existing 
methods or techniques for similar syntheses and radiolabeling, this his 
method is characterized by its simplicity, speed, one-pot synthesis and 
ability to accomplish the labeling of 18F nuclides in an aqueous envi
ronment, making it a valuable tool for the development of novel ra
diotracers for diagnosing and managing various diseases, including 
neuroendocrine tumors. 

In this study, we designed and synthesized a novel probe that targets 
SSTRs through a one-step 18F-AlF labeling method, which yielded a 18F- 
labeled radiotracer ([Al18F]NODA-MPAA-HTA) by conjugating with a 
bifunctional chelator (NODA). We evaluated this probe both in vitro and 
in vivo, assessing its physical and chemical properties, PET imaging 
ability, and biodistribution in tumor-bearing mice using micro-PET/CT 
to verify its tumor targeting capability. 

2. Experimental section 

2.1. General 

Unless noted otherwise, all reagents used were commercially pur
chased. ECLIPSE HP cyclotron (Siemens, Germany), Electrospray ioni
zation mass spectrometry (Waters, ESI-MS, SYNAPT G2 HDMS) data 
were obtained using a mass spectrometer (Waters, USA). An HPLC sys
tem (CBN-20, Shimadzu, Japan) equipped with a UV detector and a 
radioactive detector (GABI, Raytest, Germany) separated by a C-18 
column (Agilent ZORBAX XDB-C18, 5 μm, 4.6 × 250 mm). 

SSTR2(+) HEK293-SSTR2 cells (Ubigene Biosciences Co., Ltd., 
Guangzhou, China) were cultured in a 24-well plate and cultured in 
DMEM medium, which was grown as a monolayer at 37 ◦C in a moist 
atmosphere of 5 % CO2. The Healthy BALB/c mice and tumor model 
mice were approved by the guide for the care and use of institutional 
animal of Institute of Medicinal Biotechnology (No. IMB20220516D7). 

2.2. Radiochemistry 

The synthesis route of [Al18F]NODA-MPAA-HTA were shown in 
Scheme 1. NODA-MPAA-HTA peptide served as a model substrate to 
optimize the labeling conditions. Approximately 3.7 GBq [18F]F−

(Cyclone 30, IBA, Belgium) was captured with a QMA SepPak light 
cartridge (Waters) activated with 10 mL of metal-free water. [18F]F−
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was eluted by 0.5 mL of 0.9 % NaCl from a QMA column, and 100 μL of 
(0.74 GBq). [18F]F− was added to the reaction vial. Before adding [18F] 
F− , 50 μL of peptide solution (1 mg/mL in metal-free water), the proper 
volumes of AlCl3 (2 mM in 0.1 M acetate buffer), 100 μL of acetate 
buffer, and 100 μL of acetonitrile were added. 10 μL of gentisic acid (10 
mg/mL) was added to the reaction to reduce radiolysis. The optimal 
preparation conditions were selected by determining the radiochemical 
yields under different conditions of AlCl3 solution dosage, pH, temper
ature and reaction time in the reaction system. 

After cooling, the reaction liquid was applied to a C18 SepPak light 
cartridge proactivated by 10 mL of ethanol and 10 mL of water, which 
was eluted the free [18F]F− or [18F]AlF2

− . Subsequently, [Al18F]NODA- 
MPAA-HTA was eluted by 0.5 mL of 50 % (v/v) ethanol and diluted with 
0.9 % NaCl. A typical HPLC analytic gradient was 30 %− 65 % B (con
tained 0.1 % (v/v) TFA in water) over 10 min, 65 %− 35 % B in 10–15 
min, at a flow of 1 mL/min. 

2.3. Pharmacokinetics 

[Al18F]NODA-MPAA-HTA was injected into healthy BALB/c mice via 
their tail veins at 3.7 MBq (100 μCi)/125 μL/head (n = 3). Blood samples 
were collected from the retroorbital plexus into capillary at 5, 10, 15, 30, 
60 and 120 min. The radioactivity of blood samples was evaluated and 
calculated as %ID/g (percentage of injected dose per gram of tissue) by a 
γ-counter (Perkinelmer Wallac). Radioactive counts in blood samples 
are measured by physical decay correction. Using Drug and Statistics for 
Windows 2.0 software (DAS, Cary, NC), pharmacokinetic parameters 
were calculated using statistical moment method using a noncompart
ment model. Non-compartmental models typically use statistical 
moment parameters which do not require that the drug process in vivo 
to conform to linear kinetics, rather than setting up specific compart
ments. It is suitable for tracer kinetic analysis where the existing 
knowledge is insufficient to set up the compartment model, or the 
sample collection cannot meet the requirements of compartment model 
analysis. 

Non-compartmental models, characterized by statistical moment 
parameters, are advantageous as they treat the in vivo drug process as a 
global effect of the stochastic process of drug molecules with varying 
residence times in the body. These models describe the in vivo drug 
process solely based on the area under the concentration-time curve 
(AUC), thereby obviating the need for predefined compartments. 

2.4. Saturation cell binding and cellular uptake 

The competitive cell binding assays were performed as described 
previously (Chen et al., 2021). SSTR2(+) HEK293-SSTR2 cells (105 

cells/well) were cultured in a 24-well plate and incubated with [Al18F] 
NODA-MPAA-HTA in the presence of 8 different concentrations of 
NODA-MPAA-HTA peptide (0 - 100 nM, 250 μL/well) for 1 h at 37 ◦C. To 
determine the non-specific uptake, excessive NODA-MPAA-HTA peptide 
(20 μL per well, 1 mg/mL) was added additionally to the cells prior to 
the incubation with radiotracer on another 24-well plate. After incu
bation, the cells were washed 2 times with PBS (0.01 M) and collected 

after digestion with 1 M NaOH (n = 4). Cell-bound radioactivity was 
measured with a γ-counter. Specific binding is obtained by subtracting 
non-specific binding from total binding, and performing nonlinear 
regression fitting on specific binding values at different concentrations. 
The value of Kd (ligand concentration that binds to half the receptor sites 
at equilibrium) and Bmax (maximum number of binding sites) were 
calculated by fitting the data with a nonlinear regression algorithm 
(GraphPad Prism 5.0 software). Kd and Bmax were calculated using the 
following equation: Y= Bmax*X/(Kd+X). 

For the determination of specific cellular uptake, SSTR2(+) HEK293- 
SSTR2 cells seeded in 24-well plates (105 cells /well) were incubated for 
24 h. Then they were washed twice with 1 mL PBS and incubated with or 
without NODA-MPAA-HTA peptide (250 μL / well, 0.3 mg/mL) for 1 h. 
[Al18F]NODA-MPAA-HTA was added and then the cells were incubated 
at 37 ◦C for 0.5, 1 and 2 h. After that, the cells were washed twice with 1 
mL of PBS and lysed with 1 mL of NaOH (1 mol/L), and the cell extract 
was collected using a γ-counter. 

2.5. PET imaging studies 

According to the literature (Xie et al., 2021),receptor-specific uptake 
was determined using nude mice bearing HEK293-SSTR2 tumor. 
Small-animal PET/CT images were performed after [Al18F]NODA-M
PAA-HTA (3–5 MBq/125 μL) was administered intravenously to the 
HEK293-SSTR2 tumor-bearing mice. A 10 min PET scan performed for 
attenuation correction was performed on a β-CUBE scanner (MOLEC
UBES, Ghent, Belguim), followed by a 5 min CT scan on an X-CUBE 
scanner (MOLECUBES, Ghent, Belguim) under anesthesia using iso
flurane. The mice were anesthetized using isoflurane/O2, and their body 
temperature was kept constant with an integrated heating circuit. PET 
images were acquired at 0.5, 1, and 2 h post-injection time (p.i.). All PET 
data were reconstructed by three-dimensional orderedsubset expecta
tion maximization (16 subsets, 2 iterations) with attenuation and scatter 
correction. CT images were subsequently acquired using a helical scan 
with the following acquisition parameters: an X-ray source setting of 50 
kVp/100 μA, 480 projections, a 1.4 spiral pitch, resulting in a 3 min 
acquisition time. Image analysis was performed using the VivoQuant 
software (version 4.0 patch1, inviCRO, LLC, Boston, MA, USA). 

2.6. Biodistribution of [Al18F]NODA-MPAA-HTA 

The biodistribution study was adopted in nude mice bearing 
HEK293-SSTR2 tumor to further reveal the absolute tracer uptake in the 
tissues of interest. The [Al18F]NODA-MPAA-HTA (0.37 MBq/100 μL) 
was injected into mice (n = 4 each group) via the tail vein, and the mice 
were sacrificed at 0.5, 1 and 2 h p.i.. The muscle of the contralateral hind 
limb of the mouse was selected in biodistribution study. And the tissues 
of interest were sampled and weighed, and counted separately using a 
γ-counter. 

3. Statistical and data analysis 

Data were expressed as mean ± SD and the significance of 

Scheme 1. Synthesis route of [Al18F]NODA-MPAA-HTA. 
Reagents and conditions: (a) NODA-MPAA-HTA peptide, acetic acid buffer, gentianic acid, AlCl3, anhydrous acetonitrile, 110 ◦C, 20 min. 
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comparison between two data sets was determined using SPSS 20.0 
statistical software and defined as significant (*P < 0.05). 

4. Results 

4.1. Chemical and radiochemical syntheses 

We designed and synthesized the precursor, NODA-MPAA-HTA, 
which was obtained through Fmoc solid-phase synthesis via the 
condensation reaction and cyclization reaction between multiple amino 
acids, followed by  the introduction of the bifunctional chelator (NODA). 
The labeling precursor was obtained (Supplemental Scheme 1) with 95 
% chemical purity and identified using mass spectrometry (Supple
mental Fig. 1). 

The radiosynthesis of [Al18F]NODA-MPAA-HTA was achieved by a 
novel 18F labeling methodology for chelating agent-biomolecule con
jugates (McBride et al., 2009). [Al18F]NODA-MPAA-HTA was radio
labeled via the complexation of Al18F by the NODA chelator according to 
Scheme 1. Remarkably, even at low peptide concentrations 30 nmol (50 
μL, 1 mg/mL), we were able to successfully radiolabel [Al18F] 
NODA-MPAA-HTA using a simple reaction mixture of 100 μL of 18F 
solution and acetonitrile in the presence of AlCl3 stock solution (pH 
3–5), and the reaction to incorporate gentisic acid as an antioxidant 
excipient in the radiopharmaceutical formulation was carried out under 
heating conditions at temperatures ranging from 70 to 140 ◦C for a 
duration of 5 to 20 min. This heating process allows for the proper 
incorporation of gentisic acid into the formulation, ensuring its stabi
lizing effects on the active ingredients and preventing radiation 
self-decomposition. The reaction was carried out under heating at 
70–140 ◦C for 5–20 min. The results of monitoring pH, reaction tem
perature and time (Fig.1) confirmed that the radioiodination method 
was dependent on pH, temperature and time. The optimal reaction 
conditions were pH 4, 110 ◦C and 20 min. The detailed reaction system 
is shown in Supplemental, Table 1. 

The radiochemical yield of [Al18F]NODA-MPAA-HTA was 60 %− 80 
% (non-decay corrected) and radiochemical purity over 95 % after C18 
column purification. The radio-HPLC analysis results (Supplemental 
Fig. 2) revealed that the retention time of [Al18F]NODA-MPAA-HTA was 
10.87 min, consistent with that of the precursor (TR = 10.06 min). The 
molar activity was calculated as 122 GBq/μmol based on radioactivity 
and the ultraviolet peak in the HPLC chromatogram. The log P value was 
− 1.42 ± 0.03 indicating hydrophilicity for in vivo applications. The 
total time of radiosynthesis was within 30 min, including the radio
labeling and purification processes. These positive results suggested that 
this method can provide a highly efficient and convenient approach for 
producing [Al18F]NODA-MPAA-HTA for PET imaging applications. 

4.2. Characterization of [Al18F]NODA-MPAA-HTA 

The stability of [Al18F]NODA-MPAA-HTA in saline and bovine serum 
(37 ◦C, 2 h) was shown in Fig. 2. The radiochemical purity of [Al18F] 
NODA-MPAA-HTA in two systems was more than 95 %. Only the main 

peak of [Al18F]NODA-MPAA-HTA was obviously observed on the HPLC 
chromatogram, indicating that [Al18F]NODA-MPAA-HTA had good 
stability in vitro. This finding suggested that the radiotracer can with
stand potential challenges during transportation, storage, and prepara
tion, and may be a reliable choice for PET imaging applications in vivo. 

4.3. Pharmacokinetics 

The time-activity curve of blood after i.v. of [Al18F]NODA-MPAA- 
HTA into normal BALB/c mice was shown in Fig. 3. The blood elimi
nation half-life of [Al18F]NODA-MPAA-HTA was 37.63 ± 13.05 min, 
indicating moderate clearance from circulation that may be advanta
geous for early PET imaging of NETs. Major pharmacokinetics param
eters were summarized in Table 1. These results suggested that our 
radiotracer has favorable properties for potential clinical translation as a 
diagnostic tool for NETs. 

4.4. Saturation cell binding and cellular uptake 

The cell binding studies of [Al18F]NODA-MPAA-HTA were per
formed in SSTR2(+) HEK293-SSTR2 cells to give the saturated binding 
curves (Fig. 4). The affinity of [Al18F]NODA-MPAA-HTA (Kd = 8.77 ±
1.14 nM, n = 4) was equivalent than [68Ga]Ga-DOTA-TATE (Kd = 7.36 
± 1.02 nM), as reported (Xie et al., 2021). Saturated binding experi
ments revealed a nanomolar inhibition potency toward SSTR2. 

SSTR2(+) HEK293-SSTR2 cells were exposed to [Al18F]NODA- 
MPAA-HTA, and at selected time points the amount of uptaked was 
determined (Fig. 4). Uptake increased with incubation time and stabi
lized after about 60 min (12.11 ± 0.32 %).The radioactivity of cell up
take was significantly blocked (5.20 ± 0.28 %) by the addition of NODA- 
MPAA-HTA peptide (p < 0.001), indicating its high specificity for 
SSTR2. 

4.5. PET imaging studies 

For PET/CT study, tumor-bearing mice were intravenously injected 
with 5 MBq [Al18F]NODA-MPAA-HTA in 125 μL saline. As shown in 

Fig. 1. Effect of pH (A), reaction temperature (B) and reaction time (C) on labeling efficiency.  

Table 1 
Major pharmacokinetics parameters in the blood derived by non- 
atrioventricular model modeling after i.v. administration of [Al18F]NODA- 
MPAA-HTA at 185 MBq/kg in healthy mice within 2 h p.i.. (n = 3).  

Parameter Unit Value 

AUC(0-t) %ID/g⋅min 634.27 ± 213.37 
AUC(0-∞) %ID/g⋅min 1146.99 ± 593.97 
t1/2z min 37.63 ± 13.05 
Tmax min 10.00 ± 0.00 
Cmax %ID/g 13.66 ± 5.04 
CLz L/h 0.026 ± 0.01 
Vd L 1.37 ± 0.41 

AUC(0 − t) and AUC(0− ∞): area under the curve. t1/2z: elimination half-life. Tmax: 
peak time. Cmax: peak concentration. CLz: clearance. Vd: volume of distribution. 
The values are expressed as mean ± SD. 
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Fig. 5, the implanted HEK293-SSTR2 tumors into the right shoulder of 
nude mice were clearly visualized. And the tumor uptakes were quan
tified as 6.90 ± 2.40, 7.14 ± 2.73 and 6.58 ± 2.20%ID/g at 0.5 h, 1 h 
and 2 h, respectively. The tumor uptakes at available time points were 5 
- 6 folds over the muscle uptakes, indicating good image contrast (all p 
values < 0.05). However, it should be noted that accumulation of the 
radiotracer was also observed in the liver and kidney, consistent with 
the distribution pattern observed in our previous studies. These findings 
suggest that [Al18F]NODA-MPAA-HTA has potential as a PET imaging 

agent for tumors, but further investigations are needed to fully under
stand the factors influencing its biodistribution and clearance in vivo. 

Furthermore, representative PET images obtained at 0.5 h p.i. of 
[Al18F]NODA-MPAA-HTA in HEK293-SSTR2 tumor-bearing mice, and 
with excessive of precursor for blocking, as shown in Fig. 6. Quantitative 
tumor uptakes and tumor-to-muscle ratios was accessed from above 
images (Fig. 7). The results showed that the radioactive uptake of the 
tumor site after inhibition was significantly reduced, with an uptake 
value of 1.62 ± 0.58 % ID/g. The tumor uptake was basically consistent 
with the background value, indicating that the uptake mechanism of 
[Al18F]NODA-MPAA-HTA was mediated by SSTR. 

In addition, the most important concern was the relatively low bone 
uptake, which was 1.54 ± 0.43, 1.43 ± 0.63 and 1.08 ± 0.34 % ID/g for 
0.5 h, 1 h and 2 h respectively, indicating that defluorination did not 
occur in vivo. which is a common issue with some radiotracers and can 
lead to high bone uptake and poor image quality. 

4.6. Biodistribution of [Al18F]NODA-MPAA-HTA 

Biodistribution results of [Al18F]NODA-MPAA-HTA were shown in 
Fig. 8. The radioactivity uptakes in the tumor were 14.27 ± 5.31, 20.49 
± 12.54 and 28.83 ± 11.70% ID/g for 0.5 h, 1 h and 2 h, respectively. 
Obviously, these results were higher than those from the PET imaging 
study, possibly due to differences in the two experimental methods. 
Specifically, the range of region of interest (ROI) delineated in PET 
imaging includes areas with lower uptake, resulting in a lower calcu
lated average uptake. Additionally, the disparity in specific activity 
between the two experiments may also contribute to this variation. 

Fig. 2. HPLC profiles of [Al18F]NODA-MPAA-HTA after in vitro incubation in saline (A) and bovine serum (B) for 2 h.  

Fig. 3. Time-activity curve of [Al18F]NODA-MPAA-HTA in the blood of healthy 
BALB/c mice. Data are expressed as mean ± SD (n = 3). 

Fig. 4. The saturation cell binding (A) and cellular uptake (B) study of [Al18F]NODA-MPAA-HTA.  
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5. Discussion and conclusions 

As a new somatostatin analogue, the KE108 peptide has been 
developed to increase tumor responsiveness by activating multiple SSTR 
subtypes (Cescato et al., 2010). The [Al18F]NODA-MPAA-HTA probe 
designed and synthesized through chemical modification has excellent 
biological targeting ability. The approximately 30 min [Al18F] 
NODA-MPAA-HTA blood elimination half-life was relatively suitable for 
the 18F half-life, suggesting that the radiolabeling does not remain for an 
extended period to reduce non-characteristic damage. 

The biodistribution and PET imaging results revealed that the liver 
and kidney may serve as the primary elimination route for [Al18F] 
NODA-MPAA-HTA. The low uptake in bone suggests high metabolic 
stability, as freely circulating 18F-fluoride would cause bone toxicity. 
Notably, when compared to 68Ga-octreotide derivatives with high af
finity to SSTR, such as 68Ga-Dotatate, [Al18F]NODA-MPAA-HTA had 
similar tumor uptake and contrast ratio. 

These encouraging preclinical experimental findings represent an 
important step towards the clinical implementation of PET imaging. The 
targeting ability of [Al18F]NODA-MPAA-HTA to SSTR has been verified 
through a series of in vivo and in vitro bio-evaluation, and further 
studies are needed to determine the safety and optimal dose for SSTR- 
positive NETs imaging. Subsequent later-phase studies are required to 
validate these initial findings and to evaluate the clinical efficacy and 
safety of [Al18F]NODA-MPAA-HTA in other tumor models Nevertheless, 
the results of this study provide promising evidence for the development 
of novel radiotracers using the one-step 18F-AlF labeling method for the 
diagnosis and management of neuroendocrine tumors. 
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